Background: The purpose of this study is to evaluate the impact on the health-related quality of life (HRQoL) of sunitinib versus interferon-alpha (IFN-a) treatment in patients with metastatic renal cell carcinoma (mRCC).
introduction
A patient-reported outcome (PRO) is a measurement of any aspect of a patient's health status that comes directly from the patient. The importance of evaluating PROs in clinical trials is based on the possibility that some treatment effects are known only to the patient; clinician reports of treatment effectiveness may not reflect the patient's perspective; or aspects of the patient's perspective may be lost if his/her response is filtered through a clinician interview. PRO measurements are particularly important in clinical trials in which two treatments with similar efficacy may have different safety profiles that have an impact on patients' symptoms, functioning, or healthrelated quality of life (HRQoL). PROs therefore complement and extend information provided by clinical end points on the efficacy and side-effects of treatment [1] .
A phase III, randomized study was conducted to compare the efficacy and safety as well as PROs for sunitinib versus interferon-alpha (IFN-a) as first-line systemic therapy for patients with metastatic renal cell carcinoma (mRCC) [2] . The present study summarizes the PRO (kidney-related symptoms, cancer-specific HRQoL, and general health status) reported for the European patients at the moment of the interim analysis of this study.
mRCC treatment is intended to delay disease progression, prolong survival, and improve HRQoL. The symptoms, various sites of metastases, and generally poor prognosis associated with mRCC may negatively affect HRQoL and specific aspects such as physical functioning, energy/fatigue level, mental status, sexual functioning, and perceived wellbeing [3] . Treatment side-effects may also affect patient HRQoL. In considering drugs for metastatic diseases, improved PROs even in the absence of impact on survival (relative to standard care) may be considered in regulatory approval decisions [4] .
The immediate effect of treatment is on symptoms. Moving further along the continuum, social/psychological and other non-medical factors such as personality, motivation, attitude, individual preferences, and family support affect HRQoL and functional outcomes, so that even patients who experience symptom reduction may not demonstrate a commensurate improvement in HRQoL. For these reasons, we assessed the effect of treatment on more proximal symptom outcomes separately from the effect on more distal HRQoL outcomes.
patients and methods
The PRO instruments used in this study were (i) designed to measure either general cancer-specific or kidney cancer-specific outcomes, (ii) developed and validated in relevant populations, and (iii) studied and reported in the peer-reviewed literature [5] . Table 1 presents a summary of the PRO instruments used in this study [6] [7] [8] [9] . The Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease-Related Symptoms (FKSI-DRS) scale was prespecified in the trial's protocol as the primary PRO end point. We hypothesized that sunitinib would show a more positive impact than IFN-a on patients' symptom experience. In addition, we used the FKSI, the parent instrument of the FKSI-DRS, to measure the impact of treatment on both disease-and treatment-related symptoms and the Functional Assessment of Cancer Therapy-General (FACT-G) to measure the impact of treatment on general cancer-related HRQoL and functioning. Although the EuroQol Group's EQ-5D self-report questionnaire (EQ-5D) was also included in this trial primarily for the estimation of quality-adjusted life years in economic analysis, those results are also reported here as the EQ-5D is a generic HRQoL instrument. All instruments were used in their pertinent cultural adapted version.
The overall objective of PRO assessment in this study was to compare PROs between the two treatment arms. Specifically, the PRO assessment was to compare the effects of sunitinib and IFN-a throughout the course of treatment on patient self-reports of (i) kidney cancer-specific symptoms; (ii) cancer-specific HRQoL and well-being/functioning in related fundamental domains; and (iii) societal and patient values (utilities) for patient-perceived health status.
relationship between PRO measures
Although all PROs included in this study were designed to measure outcomes of kidney cancer, each of the instruments measures outcomes at different points along the outcomes continuum. Correlation coefficients across the PRO end point scores as baseline were calculated to explore the relationships between the symptoms, cancer-specific HRQoL, functioning and well-being, and overall HRQoL. study sample, treatments, and clinical assessments
The target population is composed of patients >18 years old, living in an European country with mRCC who had not previously been treated with systemic therapy.
A sample of 304 patients was recruited at random in France, Germany, Italy, Poland, Spain, and United Kingdom. Patients were 18 years old or older, presented mRCC, who had not previously been treated with systemic therapy, and had evidence of measurable disease and an Eastern Cooperative Oncology Group [10] performance status of zero or one. Patients were randomized to receive either sunitinib or IFN-a in repeated 6-week cycles. Sunitinib was administered as an oral capsule at 50 mg daily for 4 weeks followed by 2 weeks of treatment in repeated 6-week cycles of treatment. IFN-a was administered as a s.c. injection in 6-week cycles on three nonconsecutive days per week. Subjects in the IFN-a group received three million units (MU) per dose during the first week, 6 MU per dose the second week, and 9 MU per dose thereafter. Dose modifications were allowed for toxicity management on both treatments.
Initially, the intention-to-treat sample was used for analysis of PRO end points, which included all subjects who were randomized, with treatment assignment designated according to initial randomization, regardless of whether subjects received study treatment or a drug different from the one to which they were randomized.
Statistical analyses were carried out after 97 survivors (33% of recruited patients) had reached the sixth treatment cycle follow-up. At that time, 93 patients had terminated treatment because of the lack of efficacy (31%) and 105 (36%) were still at a previous follow-up stage.
PRO assessments
PROs were measured at the screening visit before randomization, throughout the treatment period, and at the end of treatment or patient withdrawal from the study. During the treatment period, subjects were asked to complete the questionnaires during their visits on days 1 and 28 of each 42-day treatment cycle. The assessment on cycle 1 day 1 was administered before the first dose of study medication thus was used as the baseline measurement.
statistical analysis
Questionnaire compliance was defined as a patient having answered at least one question at an assessment time point. Compliance rate at each assessment time point for each questionnaire was calculated as the number of patients who completed at least one question divided by the total number of patients available at that assessment time point.
Scoring of the PRO end points (scales) and missing data were handled according to the questionnaires' scoring guidelines. If there were missing items, subscale scores were prorated by first multiplying the sum of the subscale by the number of items in the subscale and then dividing by the number of items actually answered. Completion for an instrument was defined as having >80% item responses for the total FACT-G or having >50% item responses for FACT-G subscales, FKSI, and FKSI-DRS. PRO end points with less than the minimum number of items answered were scored as missing. For EQ-5D, the EQ-5D index [11] will be missing, if not all five descriptors were responded. For all PRO end points, a higher score indicated a favourable outcome (less/milder symptoms, better functioning, or QoL). The scale completion rate for a PRO end point at an assessment time point was defined as the number of patients with nonmissing scores divided by the number of patients who responded to at least one question of the end point.
Summary statistics of absolute scores of the PRO end points and their changes from baseline were calculated at each assessment time point for the two treatments. The mean (and 95% confidence interval) and median (and interquartile ranges) of the absolute scores and the changes from baseline were reported for the FKSI-DRS, FKSI, FACT-G total and its four subscales [physical well-being (PWB), emotional well-being (EWB), social well-being (SWB), and functional well-being (FWB)], EQ-5D index, and EQ-visual analog scale (VAS).
Repeated measures mixed-effects models (MEMs) were used to assess the between-treatment differences for all the PRO end points. There are several features that make the MEM attractive and useful for this study. First, subjects with incomplete data across time have been included in the model; therefore, statistical power increases and potential biases from complete case analyses are reduced. Secondly, subjects may not have to be measured at the same time point because time is treated as a continuous variable, thus the follow-up times are not required to be uniform for all subjects. Thirdly, the fact that individual characteristics may change across time due to the treatment are accommodated by this model, and time-varying covariates could be included in the model that allow us to treat QoL in 'real' time rather than a specific time point. Fourthly, MEM can also estimate change for each subject, whereas traditional approaches may only estimate average change in a population [12] [13] [14] .
The following MEM for PRO scores across time is used for this study:
where y ik is the PRO score for individual i at time k, Tx i equals 0 if individual i is in IFN-a group or 1 if individual i is in sunitinib malate group, and BS i is the baseline score of the PRO instrument. As a result of the dummy coding for the treatment effect, b 0 and b 2 represent the trend The intercept and slope term for time are random effects with an assumed unstructured variance-covariance matrix. In addition, we assume that each observation is measured with error and the error terms are independent of each other. A sandwich estimator was used to estimate the variance of the fixed effects terms, including baseline scores, treatment group, and time-by-treatment interaction. For estimation of variance parameters in MEM, restricted/residual maximum likelihood is preferable because the maximum likelihood (ML) estimation treats coefficients as known (instead, they are estimated from data), underestimates variances, and makes the estimates biased downward (i.e. they are too small in absolute value) [13] . Thus, all parameter estimates were obtained using restricted ML estimation.
The estimated parameters of the repeated measures MEM were used to compute the predicted values of the PRO instruments for each day in each cycle. In addition, we calculated the least squares means (LSMs) over the first nine cycles for each PRO measure. The LSM provides an estimate of the predicted means that have been corrected for unbalanced structure of the data. In other words, the LSM provides an estimate of the marginal means over a balanced population. The LSMs were computed over the first nine cycles because this provides the maximum duration of PRO data by the time of the data cutoff date. The repeated measures MEM assumed that the missing data mechanism is ignorable (i.e. missing at random).
All the data were analyzed using the SPSS 15.0 (SPSS Inc, Chicago, IL). Tests of statistical significance used a two-sided alpha 0.05.
results description of the sample
One hundred forty-seven subjects (48%) were randomized to sunitinib malate, and 157 (52%) were randomized to IFN-a. No subjects (0.0%) on sunitinib versus four subjects (1%) on IFN-a withdrew consent and discontinued the study before receiving their first dose of study medication. The maximum number of cycles started as of the cutoff date was 11 on sunitinib versus 10 on IFN-a. At the time of the data cutoff for the interim analysis, 11 (7.5% intention to treat (ITT) population) versus seven subjects (4.5% ITT population) on sunitinib versus IFN-a, respectively, were ongoing on study. Forty-one (27.9%) versus 91 subjects (58.0%), respectively, had discontinued treatment, and the primary reasons for discontinuation were lack of efficacy/disease progression [29 (19.7% ITT population) versus 67 subjects (42.7%)] and adverse events [10 (7.8%) versus 17 subjects (10.8%)]; in addition, one (0.7%) versus six (3.8%) subjects had withdrawn consent (including subjects who discontinued the study before receiving their first dose of study medication).
Demographic and baseline characteristics for the two groups are summarized in Table 2 . There were no significant differences between treatment groups in the baseline characteristics of the patients.
PRO instruments compliance and completion
During the study period, the compliance rates were >94% for both groups for all the PRO instruments at baseline. Table 3 shows the questionnaire compliance rates by assessment time point for the FACT-G/FKSI and EQ-5D. After cycle 6 <10% of the subjects remain in the study, suggesting that average PRO scores after this period could be unreliable.
For the FACT-G, 40 (1.9%) interleaved measurements of the total of 2147 sequential measurements were missing, corresponding to 47 (15.5%) of the 304 subjects; for the FKSI, 29 (1.4%) interleaved measurements were missing, corresponding to 25 (8.2.1%) subjects; for the EQ-5D, 58 (2.7%) interleaved measurements were missing, corresponding to 43 (14.1%) subjects.
Among the compliant subjects, the completion rate for the FKSI-DRS, FSKI, and FACT-G at each assessment period ranged between 94.2% and 100% for measurements corresponding to the first six cycles and between 82.1% and 100% for the remaining measurements; for the EQ-5D, the rate ranged between 93.8% and 100% for measurements corresponding to the first six cycles and between 82.1% and 100% for the remaining measurements. relationship among PRO instruments Table 4 displays the correlation coefficients of the PRO end points at baseline. As expected, we find that the correlations between the FKSI and the FKSI-DRS, the FKSI/FKSI-DRS, and the physical domains of the FACT-G (PWB and FWB) are higher than the correlations between the FKSI/FKSI-DRS and the nonphysical domains of the FACT-G (EWB and SWB). The total FKSI score is highly correlated with the total FACT-G as reflected by the functional, emotional, and symptom items in the FKSI. The FKSI-DRS is less highly correlated with the FACT-G as reflected by the symptom focus of the FKSI-DRS. The EQ-5D and the EQ-VAS are moderately correlated with each other reflecting the fact that the EQ-5D measures community preferences and the EQ-VAS measures personal preferences. Both the EQ-5D and the EQ-VAS are more strongly correlated with the total FKSI, FKSI-DRS, and FACT-G scores than with each other.
descriptive statistics of PRO end points
There were small but not statistically significant differences in the baseline scores in all the nine PRO end points (Table 5) . To adjust for the potential impacts of such differences on the treatment effects, the baseline scores were included in the repeated measures MEMs for all PRO end points.
results from the repeated measures MEM
The estimated scores for the two treatment arms and the between-treatment differences for all the PROs, using the repeated measures MEMs, are presented in Figures 1-9 . Due to the reduction in the effective sample size and hence in the derived problems in the estimation process, only data for cycles from one to six were considered in the MEMs. Table 6 presents the parameter estimates from the repeated measures MEMs for all nine PRO end points during the postbaseline period. Using these parameters, we estimated the predicted values of each PRO instrument and the differences in these values between the sunitinib and IFN-a groups (Table 7) . In addition, we computed the LSM value for each PRO and present the estimated differences in the LSMs between the sunitinib and IFN-a groups (Tables 7 and 8 ).
All estimated between-treatment differences over time for all the PRO end points are presented in Table 6 and Figures 2-9 (Note that the baseline time point is not present in these figures.). Differences favouring sunitinib over IFN-a are indicated by values >0. The results show that subjects on sunitinib reported statistically significantly better outcomes on symptoms (P < 0.009) and disease-specific HRQoL (as measured by the total FACT-G overall score, P < 0.003) than IFN-a at all assessment time points. For the functional wellbeing assessment, all time points were significantly different between treatments (P < 0.038), except for one time point (at cycle 2, day 28, P = 0.061) which was close to significance. FACT-G, Functional Assessment of Cancer Therapy-General; FKSI, Functional Assessment of Cancer Therapy-Kidney Symptom Index; EQ-5D, EQ-5D self-report questionnaire. Table 4 . Correlation matrix of PRO measures at baseline for all patients in the study A similar pattern was observed for the social well-being scale, which did not attain significance only at one data point (at cycle 6, day 1, P = 0.308). PWB, EWB, and general HRQoL (as measured by the generic EQ-5D) tend to detect significant differences at the beginning of the cycle (day 1) but not always at the end of the cycle (day 28). Finally, social utility values (as measured by the EQ-5D utility function) tend to exhibit less significant differences between treatments, which disappear after a number of time points (cycle 4).
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FKSI and FKSI-DRS
During the treatment period, FKSI-DRS and FKSI scores exhibited statistically significant patterns favouring the sunitinib group over the IFN-a group. Based on the mean treatment differences at all assessment points, patients in the sunitinib group experienced milder kidney-related symptoms or treatment-related symptoms than those in the IFN-a group during the study period (Table 6) . Additional analyses were also carried out using the MEM for the nine items in the FKSI-DRS, and the results showed that, compared with the IFN-a group, patients on sunitinib demonstrated significantly milder symptoms (higher LSM scores) of bone pain, fatigue, and fevers (Table 8) .
These differences were statistically and clinically meaningful. Compared with the pre-established minimally important differences (MID), which are two to three points for FKSI-DRS and three to five points for the FKSI, the treatment differences were considered clinically meaningful after cycle 2 day 1 for the FKSI-DRS and FKSI. The average standardized effect size (SES) was 0.39 for FKSI-DRS (ranging from 0.07 at cycle 1 day 28 to 0.97 at cycle 7 day 1) and 0.28 for FKSI (ranging from 20.02 at cycle 4 day 28 to 0.85 at cycle 7 day 1), which indicates that the treatment effect on kidneyrelated symptoms and treatment-related symptoms was mild to moderate over the study period based on Cohen's effect size criteria [15] .
FACT-G
Based on the mean treatment difference for the FACT-G scores, patients in the sunitinib group experienced statistically SD, standard deviation; PRO, patient-reported outcome; FKSI-DRS, Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease-Related Symptoms; FACT-G, Functional Assessment of Cancer Therapy-General; EQ-5D, EQ-5D self-report questionnaire; PWB, physical well-being; SWB, social well-being; EWB, emotional well-being; FWB, functional well-being; IFN-a, interferon-alpha. original article Annals of Oncology better cancer-specific HRQoL compared with patients in the IFN-a group at each time point (Table 6 ). Patients in the sunitinib group experienced better outcomes based on the social well-being, the emotional well-being, and the functional well-being. These differences were statistically and clinically meaningful. The FACT-G exceeded the pre-established clinically meaningful difference of five points at all assessment points (see Table 6 ) after the first cycle. However, the FWB subscale was the only subscale that exceeded its MID of two points (after cycle 3, day 1). The treatment effect on cancer-specific HRQoL was mild to moderate (SES = 0.34, ranging from 0.11 at cycle 3 day 28 to 0.98 at cycle 7 day 28).
EQ-5D
Based on the LSM of EQ-5D index, patients in the sunitinib group reported better general health status than patients in the IFN-a group. Cycle-specific differences were statistically significant at the first day of the cycle, until cycle 5, day 1. The mean treatment differences for the EQ-VAS were statistically significant at most time points, except some of the 28th day data points. Differences between treatment groups decreased over time and exhibited a roughly similar pattern (Figure 10 ). Although these overall differences were statistically significant, the SES was 20.13 for the EQ-5D index and 0.22 for the EQ-VAS, indicating that the treatment effect on general health status was very small. Surprisingly, the pattern of EQ-5D utility and EQ-VAS LSM predicted scores was very different, with a faster increasing utility in the INF group. This lack of consistency between EQ scores advises to interpret results with care.
discussion
During the past decade, as attention to QoL concerns for cancer patients has grown, the need for validated PRO instruments has also increased [16] . Here, we report the results of a phase III, randomized study of sunitinib versus INF-a as first-line therapy for patients with mRCC using PRO end points. In contrast, previous studies that examined the HRQoL among mRCC patients were either case series [17] or evaluations of other therapeutic options such as surgery [18] or restricted within immunotherapy [19] [20] [21] . For this study, PRO instruments appropriate for measuring the relevant concepts were used. The primary PRO end point, the FKSI-DRS, measured kidney cancer-related symptoms, the most proximal domain expected to change. The secondary PRO end points measured treatment and disease-related symptoms (FKSI) and physical, social, emotional, and functional wellbeing (as measured by the subscales of and the FACT-G total score), more distal but very important outcomes in metastatic cancer patients. General HRQoL was measured using the EQ-5D. Each of these PRO instruments is validated in diverse yet relevant populations and (except for the EQ-5D) have included patient input into virtually all phases of their development, including item selection, scale generation (grouping into domains), and validation.
At each post-baseline assessment time point of the phase III trial, patients receiving sunitinib reported better scores on the primary PRO end point (the FKSI-DRS) compared with the IFN-a group, indicating that those patients who received sunitinib experienced milder symptoms than those who received IFN-a. Differences between the sunitinib and IFN-a groups were statistically significant at each time point and, after the first cycle, the difference exceeded the minimum clinically important difference of two points. Based on effect size criteria suggested by Cohen [15] , treatment effect on the kidney-related symptoms was almost moderate over the study period (SES = 0.38). This study also examined how patients responded to individual items within the FKSI-DRS. Results indicate that patients in the sunitinib group experienced statistically significantly milder symptoms of bone pain, fatigue, and fever symptoms. These results are concordant with those reported by Cella et al. [22] on a worldwide study with a longer follow-up from which our data are the European subset. Nevertheless, the slope estimate for the overall model in the European sample is slightly less positive and the treatment difference is slightly larger. The secondary PRO end points (the FKSI, the FACT-G total score and its four subscales, the EQ-5D index, and the EQ-VAS) also exhibited a similar pattern favouring the sunitinib group over the IFN-a group. Both the FKSI and the FACT-G total score exhibited clinically meaningful differences at all assessment points after the first cycle. Among the FACT-G subscales, only functional well-being exceeded its minimal clinically important difference after cycle 3. The treatment effects on overall cancer-specific HRQoL were mild to moderate, and such effects were found on the PWB, SWB, EWB, and FWB subscales, bit mostly at the first day of the Table 6 . FKSI-DRS, Functional Assessment of Cancer Therapy-Kidney Symptom Index-Disease-Related Symptoms; FACT-G, Functional Assessment of Cancer Therapy-General; EQ-5D, EQ-5D self-report questionnaire; PWB, physical well-being; SWB, social well-being; EWB, emotional well-being; FWB, functional well-being. cycle. Similar results for other metastatic cancer treatments have also been reported in other studies [23] [24] [25] . Patients in the sunitinib group also exhibited favourable effects as measured by the EQ-5D index and the EQ-VAS compared with patients in the IFN-a group. These results are also similar to those previously reported [22] , although the larger sample size in the referred study favours significance. The general pattern for all PRO measures is similar, including the positive slope and negative interaction for the EQ-5D measure. LSMs are slightly lower than those reported previously, but it should be noted that a shorter follow-up was studied here.
Although there are some missing data over time, the overall response rate was >95% across the assessment time points. There were no significant differences in baseline patient characteristics or PRO end points. The use of the MEM reduced the potential for bias resulting from missing data by utilizing all available assessments.
Findings from this longitudinal study provide rich PRO data derived from a variety of reliable and validated PROs that were obtained during a phase III, randomized treatment multinational study. We found that for a number of PRO measures that were assessed in this study, the differences favouring the subjects in the sunitinib group exceeded the minimal clinically important differences. These results are consistent with the hypothesis that sunitinib offers patients with mRCC an effective treatment option that results in milder symptoms, better cancer-related HRQoL, and general health status than IFN-a.
conclusions
Results from this multinational phase III, randomized study indicate that, compared with subjects treated with IFN-a, subjects treated with sunitinib reported less/milder kidneycancer related symptoms as measured by the FKSI and FKSI-DRS and better cancer-related and general HRQoL as measured by the FACT-G and EQ-5D.
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